Abstract--Hydroxyl orientation has a major influence on the strength of the ionic interlayer bonding in micas because of the strong repulsion between the hydrogen and the interlayer cation (IC). In order to determine if other factors also influence the magnitude of the interlayer bond energy, the effect due to the varying H-IC distance, as one finds, for example, between a dioctahedral and a trioctahedral mica, must be removed. This can be done by calculating the bond energy as a function of the H IC distance; a plot of which is a smooth curve with a minimum energy for the minimum H-IC distance. If there are no other factors which substantially contribute to the interlayer bonding energy, such curves for all micas should be superimposed. If, however, the curves are not superimposed but fall into groups with common attributes (stacking sequence, ionic substitutions, etc.) the energy separations between groups of curves indicate the influence of these other factors.
INTRODUCTION
Since the interlayer bonding of micas arises principally from the electrostatic attraction between the interlayer cation and the layer charge, one might expect that all micas with the same charge would have identical bonding energies. Apparently, this is not the case, as shown by the very different interlayer cation exchange properties of muscovite and phlogopite. The difference between these two micas has been explained in terms of the hydroxyl orientations which, in a trioctahedral mica, results in a much shorter H-IC distance and thus a greater repulsion (weaker interlayer bond) between the silicate layer and the potassium (Giese, 1975a) . Other factors also may be important as indicated by the calculated bond energies for talc (4.1 kcal/mole) and pyrophyllite (6.5 kcal/ mole) which do not have layer charges or interlayer cations (Giese, 1975b) . These might include the nature of the layer stacking (polytype), the distribution of the layer charge between the tetrahedral and octahedral sheets, the number of vacant octahedral sites (with dioctahedral and trioctahedral micas being the extremes) and structural distortion such as tetrahedral rotation.
METHOD
The procedure used for calculating the interlayer ionic bond strengths for sheet silicates has been described elsewhere (Giese, 1974) . However, it is not very useful to compare the bond strengths calculated in this manner for a dioctahedral and a trioctahedral mica because the difference in energies is due primarily to the different hydroxyl orientations, as already mentioned. A more useful comparison would be between two micas which have identical hydroxyl orientations. A difference in interlayer bond strength for these must be due to factors other than the repulsion between the interlayer cation and the hydroxyl hydrogen. In the case of dioctahedral and trioctahedral micas, this means that one cannot use the real OH orientations but theoretical ones.
In the IM micas (space group C2/m) the hydroxyl group lies on a mirror plane which passes between the M2 sites and bisects the M1 site. The hydrogen must lie on a circle centered on the hydroxyl oxygen with a fixed radius (assumed to be 0.97 A). With these restrictions, the minimum H-IC distance for all micas will be about 3 •. By rotating the OH in either direction away from the minimum in increments of 10 ~ one can calculate the interlayer bond energy as a function of the H-IC distance. A rotation of 90 ~ in either direction corresponds to an H-IC distance of about 4.5 A and this value was chosen as the maximum separation. For micas which do not have such a symmetry plane, the same general orientation has been used with a pseudo-mirror plane passing through the hydroxyl oxygen, the M1 site and the interlayer cation. Plotting the interlayer bond energy vs the OH orientation (or, as done here, the H-IC distance) will yield a smooth curve with the minimum energy corresponding to the orientation with minimum H-IC distance. This curve is characteristic of the mica and a comparison of these curves for several micas is independent of the hydroxyl orientation. By examining a number of different mica structures with various stacking sequences, layer charge distribution and structural distortions, one can begin to relate these factors to the interlayer bonding.
CALCULATI ONS
The calculations presuppose an accurately refined crystal structure including the distribution of cations among the available sites. In order to simplify the interpretation of the resulting energies, only micas with potassium as the interlayer cation were used. The calculations assumed full ionic charges and in cases of ionic substitution, the electrostatic charge assigned to a cation was the weighted average of the various ions occupying the site. For each structure except one, a series of approximately 25 different hydroxyl orientations with maximum K H distances of approximately 4.5 ~ was used to compute the interlayer bond strength. The computing time for the 3T muscovite structure was sufficiently long that only 11 orientations were used. The crystal structures are listed in Table 1 . All are accurate, single crystal X-ray or neutron diffraction refinements except IM muscovite which was included in spite of the obvious unreliability of the refinement because it is the only available dioctahedral structure for the polytype. As a check on the results of the 1M muscovite calculations, an ideal structure was constructed using the DLS procedure (Villiger, 1969), as described elsewhere (Giese, 1975c) .
RESULTS AND DISCUSSIONS
The interlayer bond strengths are plotted in Figure  1 against the K H distance. For all of the structures, as expected, the minimum K-H distances (OH normal or nearly so to (001) Figure 1 . A plot of the surface energies (kcal/mole) for eight di-and trioctahedral micas vs the distance between the interlayer cation and the hydroxyl hydrogen.
K-H distance. All of the curves have the same shape and fall into two groups separated by approximately 4 kcal/mole. The higher energy group contains only dioctahedral micas and the lower group contains only trioctahedral micas. This agrees with the relative energies of talc and pyrophyllite and, therefore, is almost certainly true for all 2:1 layer silicates. The interlayer bond energies for 2M 1 muscovite and 1M phlogopite are 32.2 and 22.4 kcal/mole respectively (Giese, 1975a) . As mentioned before, the difference between these two values, 9.8 kcal/mole, is the result of their very different hydroxyl orientations and possibly other factors. Figure 1 indicates that the vertical separation of the curves for these two micas is approximately 5 kcal/mole for all OH orientations. In view of the fact that all dioctahedral micas are at higher energies than the trioctahedral micas, it is reasonable to conclude that this energy is due to the manner in which the octahedral sites are occupied. The contribution to the 9.8 kcal/mole due to the different OH orientations can be estimated independently from the difference in bonding energy of a fluor-and a hydroxy-phlogopite. The sum of this energy, 5.2 kcal/mole (Giese, 1975a) , and the 5 kcal/ mole from Figure 1 is in good agreement with the total value of 9.8 kcal/mole. It is remarkable to observe that the occupancy of the octahedral sites plays as large a role as the OH orientation even though the latter is very much closer to the interlayer cation. This suggests that the distribution of the layer charge among the octahedral and tetrahedral sites may be very important in determining the expandability of phyllosilicates such as the smectites and vermiculite.
The differences between the micas in each of the two groups in Figure 1 are much smaller than between the groups. This, plus the fact that there are so few micas of each kind in the two groups, makes it more difficult to draw conclusions about the origin of the observed energy differences. Therefore, the following discussion should be considered to be tentative. In both groups, the 1M polytype has the largest or nearly the largest energy while the 2M1 and 2M2 (for trioctahedral micas) polytypes have the smallest energies. The unusual M~ v mica with the layer charge distributed among both the tetrahedral and octahedral sheets has the largest energy of the trioctahedral micas, as does the 3T muscovite among the dioctahedral micas. The implication is that burying the (-) layer charge partly in the octahedral sheet increases the strength of the interlayer bonding. The relation between the site of the negative layer charge and the strength of the interlayer bonding is surprising. One would expect that separating the interlayer cation and the site of the layer charge would weaken the electrostatic attraction between them. A possible complicating factor is that the change in layer charge distribution is due to ionic substitution which also changes the dimensions and interionic distances of the tetrahedra and octahedra. These dimensional changes may have a large influence on the interlayer bond energy and may in fact be more important than the change in the layer charge distribution.
The data presented here do not allow one to estimate the influence of structural distortions of the silicate layer, such as tetrahedral rotation, because of the small number of structures involved and, in the case of tetrahedral rotation, the small variation in in the structures studied.
CONCLUSIONS
Interlaying bond strengths have been calculated for four dioctahedral and four trioctahedral micas for a variety of OH orientations with H-IC distances between 3.0 and 4.5 A. For each mica the energies form a simple curve with the smallest energy occurring at the shortest K-H distance when plotted against the K-H distance. For the micas, the curves lie at higher energies for the dioctahedral micas in agreement with previous work on talc and pyrophyllite. The energy relations resulting from differences in stacking sequence are less certain because of the small number of samples but the general relations are 1M > 3T >> 2M~ for the dioctahedral and IM 2 2M1, 2M2 for the trioctahedral micas. The distribution of layer charge between the tetrahedral and octahedral sheets also seems to affect the strength of the interlayer bonding; the larger the tetrahedral (-) charge, the weaker the interlayer bonding.
